Abstract
Introduction
Acute coronary syndromes (ACS) represent a spectrum of clinical events ranging from unstable angina pectoris (UA) to non-ST-segment elevation (NSTEMI) and ST-segment elevation myocardial infarction (STEMI). Despite the fact that ischemic heart disease remains the leading cause of death globally [1] , data on long-term mortality, especially beyond the first few years, is scarce.
Elderly patients are underrepresented or even excluded in clinical trials. As many as 50% of realworld acute myocardial infarction (MI) patients may not be represented in randomized clinical tri-als [2] . On the other hand, the general population is aging, elderly individuals comprise the fastest growing segment of the population worldwide, and coronary artery disease is common in the elderly [3, 4] . Older MI patients are less likely to receive evidence-based care than younger patients [5] .
Studies have shown that UA patients have better short-term outcome than patients with acute MI, but long-term outcome may not differ greatly [6] . According to randomized clinical trials, NSTEMI patients have better outcome than STEMI patients during the first few weeks after the acute event, but they are at higher risk for adverse outcome over the long-term [7] .
In a prospective observational study, we previously reported 10-month outcome data of consecutive ACS patients (n = 1188) treated in a university hospital [8] . The aim of the present study was to establish the 10-year outcome data of all the three clinical entities of ACS in the same patient cohort. We also studied the effect of baseline clinical factors and data collected during the initial hospital stay on patient outcome.
Methods

Study population
Details of the patient selection have been described elsewhere [8] . Briefly, the Tampere Acute COronary Study (TACOS) study cohort consisted of 1188 ACS patients admitted to Tampere University hospital from the city of Tampere and 11 neighboring municipalities, a region of 340,000 inhabitants. Patients who died in or were discharged from the emergency department were not included. The complete study population consisted of 343 (29%) patients with STEMI, 655 (55%) with NSTEMI and 190 (16%) with UA.
The study complies with the Declaration of Helsinki. The Ethics Committee of the Pirkanmaa Hospital District approved the study protocol (Permission R02100). All subjects gave their written informed consent for participation.
ACS categories
All patients had symptoms and/or clinical signs suggestive of ACS. Patients with STEMI had elevated troponin levels (> 0.2 μg/L) and their electrocardiogram (ECG) fulfilled the predefined criteria for STEMI: ST-segment elevation in ≥ 2 adjacent leads, in leads V 1 -V 6 ≥ 1.5 mm (≥ 2 mm in at least one lead), in leads II, III, aVF, and I and aVL ≥ 1 mm.
Also, in NSTEMI patients, the troponin values were elevated, but the ECG did not fulfil the criteria for STEMI. UA patients showed no elevation in a minimum of two cTnI levels 6-12 h apart.
Follow-up
Data was collected by a study nurse and two of the investigators (ME and KJN). The follow-up was set to begin at the moment of the ECG recording used for analysis, and it ended at death or at the end of follow-up -March 31 st 2013. Mortality was gathered by linking the personal identity code from the TACOS study to the Causes of Death register, maintained by Statistics Finland, which records 100% of deaths of Finnish citizens at home and nearly 100% abroad. Follow-up was complete with 716 deaths and 472 patients alive at the end of the follow up. When comparing mortality to literature, exact 10-year mortality was used.
Statistical analysis
Categorical variables were expressed as numbers of patients or percentages and continuous variables as means or medians followed by quartiles (Q 1 -Q 3 ). Fisher's exact test was used for categorical variables and the Mann-Whitney U or Kruskal-Wallis test for numerical variables. A two-tailed p-value of < 0.05 was considered statistically significant. Kaplan-Meier curves were used to present the unadjusted survival data. Cox regression analysis was used to identify the baseline and in-hospital prognostic variables concerning mortality at follow-up. Cox univariate and multivariable regression analyses including all the variables were presented. Troponin I values were used only for the STEMI and NSTEMI categories due to immeasurable low (< 0.2 μg/L) values in UA patients. To utilize the power of the wide study population, the variables previous smoking and coronary angiography were not included in the final model because of lack of data in a significant proportion of patients. Mortality rates at pre-specified points in time were calculated by dividing the amount of cumulative events before the time point by the number of patients at risk at the beginning of the follow-up. All calculations were performed with the SPSS 22.0 statistical package.
Results
Baseline characteristics and in-hospital data of the study patients were reported previously [9] . The median age of patients at study inclusion was 73 years (63-80 years) and the male/female ratio was 58%/42%. The NSTEMI patients were older (median age 75 years) than the STEMI (69 years) and UA (68 years) patients. The relative proportion of female patients was higher in the NSTEMI than in the STEMI and UA categories (46%, 36%, and 37%, respectively; p = 0.003). There were no significant differences in the rate of hypertension (50-55%, p = 0.297) or diabetes (22-29%, p = 0.065) between the three groups. The rate of diuretic usage at admission was highest in the NSTEMI category (42%, 19%, and 32%, respectively; p < 0.001).
The median survival times for the STEMI and NSTEMI categories were 9.7 years and 4.7 years. The mean survival times were 7.3 (95% confidence interval [CI] 6.8-7.7), 5.4 (95% CI 5.0-5.7) and 7.7 (95% CI 7.2-8.3) for STEMI, NSTEMI and UA categories, respectively (p < 0.001). The 5-year mortality rates were 32.4%, 51.3%, and 25.3% (p < 0.001), while the 10-year mortality rates were 52.5%, 69.9%, and 41.0% (p < 0.001) for the STEMI, NSTEMI and UA categories, respectively (Fig. 1) . Among all deaths, 73.9%, 72.5% and 57.7% were due to cardiovascular causes for the STEMI, NSTEMI and UA patient categories, respectively (p = 0.019).
Variables predicting outcome at follow-up according to Cox univariate and multivariable regression analyses are presented in Table 1 . Age, male gender, active smoking, diabetes, higher creatinine level, STEMI and NSTEMI ACS categories were independent predictors of worse outcome, while bypass surgery and hypertension were associated with better outcome. Diuretic use both at hospital arrival and discharge was associated with worse outcome, while statin use at discharge was associated with better outcome (Table 2) .
When multivariable Cox regression analysis was performed separately for the ACS categories, only age and creatinine level at admission proved to be independent outcome predictors for all three categories (Table 3) . Active smoking was an indicator of worse outcome in both STEMI and NSTEMI categories. Diuretic use at discharge had a strong negative impact on outcome both in NSTEMI and UA patients (Table 2) . In NSTEMI, which was the largest patient category, invasive treatment and beta-blocker use at discharge were associated with better outcome.
Discussion
The present all-comers' study showed that: 1) all 3 patient categories of ACS have poor longterm outcome, 2) NSTEMI patients have the worst outcome, 3) the survival curves of STEMI and NSTEMI patients stay clearly separated for a follow-up period of ≥ 10 years, 4) UA patients have better outcome than MI patients also in the long term, and 5) factors affecting outcome differ between the three ACS categories.
Randomized clinical trials and the real-life setting in ACS: "Two different worlds"
In general, there is limited data on patient outcome in ACS beyond the first few years [9] . Especially, there is very little long-term mortality data from complete ACS cohorts, which include STEMI, NSTEMI and UA patients. Existing data shows wide variation in mortality reflecting distinct differences between randomized controlled trials with pre-specified exclusion criteria and "real-life" populations, which include consecutive patients independently of co-morbidities, ethnicity, age and gender. In randomized controlled trials of invasively treated STEMI patients, the 5-year mortality rate in STEMI may be as low as 10% [10] . The Global Registry of Acute Coronary Events (GRACE) study is widely acknowledged and has had significant im- Either isolated or in association with 1-, 2-or 3-vessel disease pact on risk stratification in ACS [11] . In the "longterm" GRACE study (GRACE UK-Belgian), 5-year mortality of STEMI and NSTEMI patients was 19% and 22%, respectively [9] . These figures are in strong contrast with the corresponding mortality figures of 32.4%, and 51.3% in the present study. The 2002 New Zealand ACS Audit Group carried out a comprehensive collection of data from all ACS patients admitted to a New Zealand hospital over a 14-day period in May 2002, and found mortality rates close to those of the present study in STEMI patients (34%), while the mortality rate (33%) for NSTEMI patients was between that reported in the GRACE UK-Belgian study and the present study [12] . Differences in patient age is probably an important explanatory factor for the observed variation in mortality rates; age at study inclusion was 65/72/69 years for STEMI and 67/73/75 years for NSTEMI in GRACE, New Zealand ACS and TACOS, respectively. Also, a retrospective "real life" analysis of 2,763 consecutive ACS patients found much higher mortality at long-term (median 8.2 years) in patients > 65 years (69.7%) compared with those ≤ 65 years (18.6%) [13] . When comparing longer outcome in STEMI patients, the 10-year mortality rates in the New Zealand ACS audit study (48%) and the present study (52.5%) are comparable. In NSTEMI patients, higher 10-year mortality rates were found: 51% and 69.9%, probably not entirely explained by the 2-year age difference at study inclusion.
A recent meta-analysis of 8 randomized non-ST--segment elevation ACS (NSTE-ACS; NSTEMI and UA together) trials included 6,657 patients [14] . At a mean of 10.3 year follow-up, the risk of all-cause mortality was 28.5%. Again, this is certainly much AE lower than in both NSTEMI (69.9%) and UA (41%) in the present study. However, the mean age of the NSTE-ACS patients in the meta-analysis was ~76 at the end of 10.3-year follow-up, while in the present study, the median age at study inclusion in NSTEMI patients was 75 years (68 years for UA) [8] .
STEMI/NSTEMI comparison
Clinical trial evidence is limited with regard to the efficacy and hazards of pharmacological and invasive management of NSTE-ACS in the elderly. According to Alexander et al. [15] , the age gap between trials and community populations begins at age 75 and widens with age. Studies have shown that long-term outcome in NSTEMI patients is not improving, and this has been attributed to the fact that they have a more complex phenotype [16] . Compared with STEMI patients, those with NSTE-MI tend to be older and have more comorbidity. In the Worcester Heart Attack Study (WHAS) with a population 3,762 patients, post-discharge death rates in a sub-cohort with longer follow-up, 5-year death rates for STEMI (mean age for all patients 65.5 years) and NSTEMI (mean age for all patients 72.6 years) were 30.2% and 52.4%, which are in the same range as in the present study: 32.4% for STEMI, 51.3% for NSTEMI [17] .
Regarding STEMI, the introduction of primary percutaneous coronary intervention (PCI) programs and improvements in coronary interventions and medical therapy have resulted in definite improvement in patient outcome [18, 19] . However, patients > 75 years of age are underrepresented in randomized clinical STEMI trials; age over 75 or 80 years was a typicalexclusion criteria in many trials [20] . Therefore, limited data is available for guidance on the best management of this growing subset of patients, although registry data seems to support the superiority of primary PCI over conservative treatment also in the elderly [21] . The Florence Acute Myocardial Infarction Registry (AMI-Florence) was a population-based prospective observational registry, where the baseline data were collected in 2000-2001 (2002-2003 in our study) [21] . In STEMI patients (n = 875), the 8-year mortality rate was 49%, comparable to 42.3% in the present study. In AMI-Florence, primary PCI was performed in 50% of the STEMI patients admitted within 24 h, whereas in the current study 24% had PCI during the index hospital admission, while 57% received fibrinolytic therapy [8] .
Unstable angina pectoris
Existing data on the long-term outcome of UA is scarce mainly due to the fact that researchers tend to combine NSTEMI and UA into NSTE-ACS [22] . It was previously reported that UA patients (median age at study inclusion 68 years) had low in-hospital mortality (2.6%), but at 10 months, the mortality rate had increased to 12% [8] . With longer follow-up, 5-and 10-year mortality rates of UA patients clearly increased to 25.3% and 41%, respectively. The corresponding mortality rate at 10 years in the New Zealand ACS Audit trial was 32% [12] . In the GRACE UK-Belgian study, 5-year mortality rate in UA was 18% [9] . With the introduction of the sensitive troponins to detect myocardial injury, it is probable that a considerable proportion of the UA patients in the present study would be classified as NSTEMI using today's diagnostic methods [23] .
Predictors of mortality
When analyzing all patients together in the present study, the well-established cardiovascular risk factors retained their statistical significance as independent outcome predictors in the multivariable analyses. However, only age and renal dysfunction (higher creatinine levels), which are well documented risk factors, showed negative prognostic impact uniformly in all three ACS categories. For example, active smoking affected outcome only in STEMI and NSTEMI patients, while male gender was associated with inferior outcome only in UA patients. Previous study evidence for a gender difference in mortality in ACS patients is conflicting. In a major systematic review, Buchholz et al. [24] found considerable heterogeneity of study results when analyzing 26 studies reporting mortality at 5 to 9 years. Most studies reported clear attenuation of study results after covariates other than age were introduced in the analyses.
The fact that diuretic use had the strongest impact on the outcome of patients in the NSTE-MI category is not surprising, as these patients were older and probably had more co-morbidity, such as heart failure. In the PRAIS-UK registry, which dealt with NSTEMI patients treated in the late 1990's, history of heart failure was a predictor of inferior outcome during 10-year follow-up [25] .
Herein, there is no definite explanation for the protective effect on outcome of hypertension in the NSTEMI patients, other than possible positive effects on use of hypertensive medication on ventricular remodeling. Hypertension could also maintain circulation of the kidneys longer in the severely ill, hypovolemic patients and hence, a delayed progression of kidney failure.
Limitations of the study
This study has clear limitations; those related to data collection and patient classification were described previously [8] . The follow-up of UA patients was shorter than in the STEMI and NSTEMI groups. The categorization of those with left bundle branch block as NSTEMI or UA patients could increase the risk of random error. However, only 9% of left bundle branch block patients were treated with fibrinolytic therapy, which supports the decision for this classification.
There are two additional limitations typical for outcome studies with long follow-up in patients with cardiovascular diseases. The first limitation is the low rate of invasive procedures [17] . Especially in STEMI, the rate of invasive procedures during the index hospital stay in the present study was lower than what is typical for Western countries today. Yet, most (55%) patients in the examined cohort had NSTE-ACS, where the rate of invasive procedures did not increase as much as in the treatment of STEMI [26] . In addition, in the NSTEMI category, the median age at study inclusion was 75 years, and older patients tend to have lower rates of invasive procedures [27] . Also, the use of medical therapy is known to improve outcome, such as statins, were not at the level that is expected in patient care today. Because of these limitations, the study results do not necessarily reflect the outcome of ACS patients treated according to a modern standard. Another general limitation of studies with long-term follow-up is the fact that changes in patient medication and new coronary interventions are difficult or impossible to control for.
Conclusions
All three ACS categories herein proved to have high mortality rates during long-term follow-up in a real-life patient cohort. NSTEMI patients had worse outcomes than STEMI and UA patients during the whole follow-up period. The present study results also indicates considerable differences in the prognostic significance of various demographic and therapeutic parameters within the three ACS categories.
